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Fig. 1 . T>i§ CompDsila Fm SJereo Spactfum 



1. Introduction: The 
Stereophonic 
Spectrum 

This appSication nole explains how to 
use and interpret Spectrum analysis of 
the fm stereo system. 

The fm sysiem approved (or use by the 
FGC in the U, S. uses a complex mgdula- 
lion system to achieve a compatible 
mono/sierec system ot broadcasting. In 
a simple monaural system^ the fm 
channel is frequency modulaiad in 75 
kHz with the audio information. To 
achieve a ccmpatibie system h when 
stereo is transmitted^ the same 
monaural (left plus right channel com- 
bined) remains in the 0 lo 15 kH? position 
of the transmittecf frequency spectrum. 
This monaural signal, however, cannot 
be modulated n: 75 kHz, since it would 
occupy the total (requenoy spectfum 
available for an fm etaiion. instead, the 
monaural signal is modulated only 45%, 
average. The second component ol a 
stereo transmission is the pilot earner a\ 
t& kHz. This 19 kHz pilot earner mod- 
ulates the fm channel e lo 10%. On a 
monaural station receiver, the pilot 
would not be heard at 19 kHz, strtce it is 
beyond the nonnal human hearing limit. 
In an fm stereo receiver, the pilot carrier 
signals that the transmission is stereo 
{somelinfies lighting an indicator}. The 
third part of the stereo transmission is 
the sub-channel which is a double 
sideband suppressed carrier signal 
(DS-SC). This suboarrfer is a ieh-sub- 
tracled-trom- right (L-R) signal, which, 
when tod through a matrix with the 
monaural main channel in mo receiver 
forms the individual loft and right chan- 
nels. The 30 kHz channel is Iransmitted 
without a carrier [suppressed: carrier). 
The 38 kHz carrier is ohlainod in the 
receiver from the 19 kHz pilot and rein- 
serted on the Sub-channel prior to detec- 
tion. The sub-channel is modulated 
4S%, so thal lhe total modulation for an 
fm stereo station is main channel 45%, 
pilot carrieMO^-^*, and sup-channel 45%. 
The total is 100%. The only other possi- 
ble signal In the modern station Is an 
SCA usually used for background 
music. This ts an extra audio channel 
carried at 67 kHz and is generally mod- 
ulated 10% in a stereo station. Since the 
total modulation cannot he over 100%. 
stereo stations with an SCA reduce the 



main and sub-channel modulations to 
40^b each. 

This GombrnetiOn then gives main chan- 
nel 40®-;!, pilot 10%. sub-channel 40%, 
and SCA 10%.. The total is 100%. An 
audio spectru m analyzer can be used to 
show all these componenis and their re- 
lative levels and interaciions. The sig- 
nals can be checked at the composite 
output of the stereo generator. The 
thearetical channel occupancy is shown 
in figure 1. 

A theorelicaJ diagram of an fm stereo 
generator is shown in figure 2. Bolh the 
left and right channels are pre- 
emphasized fust as a normal monaural 
signal would be. Then the left and right 
signals are both added and subtracted in 



a matrix. The channels added (L+R) 
form a rnonaural signal. This is the main 
channel. The subtracted channels (L-R) 
are modulated on a 38 kHz carrier, to 
form the sub-channeL Since a balanced 
modulator is used. Ihe carrier ai 38 kHz 
win be suppressed, leaving only the 
modulated audio information. The 3B 
kHz oscillalor is divided by 2 to make the 
19 kHz pilot. The three signals: main 
channel, sub-channel, and pilot are 
combined in the proper ratios f45, 45, 
T0%] forming Ihe composile Oulput. 

In an actual fm facility a slightly differeni 
type of stereo generator is used which 
produces ihe same result as- the theoret- 
ical generator by using e switching 
technique. After pre-emphasts, a simple 




Fig. 2. Block Olagram o( ThEOfstical Fm Stereo Generator 





Fig. 3. Block Diagram oi a Swtttiing-fype Siereo Gerverator 




Fig. 4. Time and Frequency Ccwnjjonenis Gen?eratad in a Swiiching-type Stereo Generator 



elecironic switch (figure 3} commutates 
between the left and right channels. The 
switching occurs at 38 kHz and forms all 
ol the main and subchannel compo- 
nents as shown in figure 4, Because of 
the sharp switching transient, high har- 
monics are also produced. The har- 
morkics are generafly lilEered with a tow 
pass filler. Some manufacturers have 
devised schemes to eliminaie or reduce 



the generation of the high harmonics so 
that the iow-pass lifter can be simpler, 
and less phase distortion will be present 
due to iho filiar. These schernes involve 
special sampling waveforms with Jow 
harmonic conlent. 

A display similar to the theoretiea! dia- 
gram (figure ?J will be obtained on the 
spectrum analyzer by sweeping ihe left 



and nghft channels of a stereo system 
with an audio generator (figure 5), The 
pre-emphasis curve with 1? dB of rise, is 
prominent fn both the main and sub- 
channels. The suS>channel sidebands 
as generated ane 6 dB lower than the 
main channel although, after detection, 
they would add together and the resul- 
tant power would be equal to the main 
channel- In Ugore 5, notice the pilot car- 
rier at 19 kHz and the absence of the 
sutKarrier, which has bean suppressed, 
at 38 kHz. Figure 6 is a spectrum display 
of the main, sub-, and SCA channels 
obtained by using a de-amphasized 
sweep- Figure 7 is a display of an fm 
stereo signal on an rf spectrum analyzer. 
Because the signal is fm. it cannot be 
Interpreted as readily as the baseband 
composite srgnal; however, many key 
components and frequencies can be 
seen. 

II. Equipment Performance 
Measurements 

The FCC requires that yearly mea- 
suremenis be performed on fm trans- 
mifters and fad titles to insure com- 
pliance with certain minimum standards- 

The fm prool on a rnonaurai station re- 
quires only four checks: frequency re- 
sponse. harmonic distortion, am noise. 




Fig. s. Display of Qomposite Fm Stereo 
Signal on Law Frequency Spectrum Analyzer 




Fig, $. Cornposite Fm Stereo Signal Display 
Obtained by Sweeping with a Do^mphasi'S 
Fitter 



and fm noise. A station broadcasting 
stereo programming is also required to 
check separation, crosstalk and sub- 
channei suppression. 




Fig. 7, Fm Steneo Stalion wiin SCAon Rf 
Spectrum Analyzer 

Traditionaily. Eguipment Performance 
Measurements have tieen perternried 
using Ehe station modulation monilor 
and a dfSioriion analyzer. An oscilEos- 
cope is used for Ihe starec adi;ustmenis. 
By subslitullng an audio spectrum 
analyzer for many parts of the proof, 
much more information can be oblained. 
Interactions between the main channel 
and the sub-chennsis m stereo stations 
can be noted, and sources of many intri- 
cate problems can be easily diagnosed 
once the operator becomes familiar with 
spectrum analysis. 

In some instarK^eS it is possible to make 
measurements dEreclIy at rt using a 
high-freguency spectrum analyzer. Oi- 
rect rf measurements have many ad- 
vantages. including: the etiminalron of 
non-linearities of the modulation 
monitor 

A. Preparing Test Equipment 

The accuracy of the proof depends upon 
the quality of the test equipment and 
also the care with which it as connected, 
calibrated, and used- The sensitivity o( 
1he spectrum analyzers we recommend 
demands the best engineering practices 
during measurements, otherwise, the 
results may be masked by effects such 
as leakage and li within the lest tash-up. 

Test Equipinent RecomrriGnded for Audio 
Messuremenis 

1. Low-frequency spectrum analyzer, 
such as the 5L4N, and appropriate 
5000 Senes mainframe. The use of a 
5111 storage mainframe is recom- 
mended. 

2. Audio generator such as the SG 502. 



3. Matching transformers (2 required Eor 
stereo) such as W.E. 1!1C or LI,TC 
A-20. 

4. De-emp basis filler [figure 10). 

5. Matching pads as appropriate. 
Mis-cellaneous patch cables. 

Test Equipment for Rf Measurements 

1. High-frequency spectrum analyzer, 
such as 7L12 Or 7L13, and appropri- 
ate 7000 Series mainframe. A stor- 
age or variable- persistence mam- 
Irame is recommended. 

2. Preamplilier such as 7K11 CATV 
Preampiilier. 

3- Frequency Counter such as 
DC S08A. 

Other Applicable Equipment 

t.eoo-ohm step attenuator such as 
Tektronix model O1H0093-00- 

2. Dipole antenna (see ftgure 4S}. 

3. Vertical ampldiers (or mainframe such 
as 5A15N or 7AI6A 





Fig. 9. TEKTRONIX 7L12 Ri Spectrum 
Analyzer and 7K1 1 Rr Preamplifief 

4 Rt bridge such as Hewleit Packard 
11 652 A Retlection.' Transmission KiL 

Checking the Tear Equipmeni 

This test should be performed on loca- 
tion at the station to insure I hat stray rt 
fields do n-ot interfere with the measuring 
equipmenl. Fir$t. each piece of audio 
equipmerit should be checked to insure 
that the internal calibration is correct. 




Fig. 8. TEKTRONIX 5L4N Audio Specirum Fig, lO, Details 10r ConstriHjln^g De’Omphasis 
Analyzer and SG 502 Audio OsctHalor Filters Ick 25 and 7b yicrosecond 

Charactenstics (All Compunents 1% ToierarwGj 
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Fig. 11. Seiup to Check Test Equrpmeni and Details of Matching Pads 






The SL4N has a detailed catid ration pro- 
cedure Sn the operating manual. An ex- 
ternal 5 watt £0 dB 600 ohm pad must be 
used ahead of fhe 5L4W to extend the 
measufement range from -10 dBm to 
-^10 dBm full screen. Details of pads are 
shown fn ft'gu/es and 7t 

The audio generator should be con- 
nected through a matching iranslormer 
to the SL4N as shown in figure 11. The 
transformer is necessary to insure 
measuremenls free of noise and hum. 

1. Setlhe5L4Nlo '10 dBm REF LEVEL 
and select 600 II^T TERM 'on'. 

2. Chech the output level of the audio 
generalor in the MAX position wifh all 
attenuation pushbuttons ‘out. The 
analyzer shouJd indicate a, full screen 
signal {-i-IO dBm through the 20 dB 
pad wiih the analyzer input attenuator 
sel at -10 dBm). 

3- Check the harmonic content of the 
audio generator by looking at a 0 to 20 
kHz span on I he analyzer. Tune the 
generator frequency from 20 Hz to 15 
kHz and note that Ihe harmonios are 
at least 70 dB below the desired lone 
(figure 12}. 

4. Check the flatness of Ihe malching 
transformers using the tracking 
generator oulput of Ihe 5L4h[ instead 
of fhe eudio generator. II should have 
virtually flat response from 20 Hz to £0 
kHz. Any error should be noted for 
future reference (figure J$). 

5- Finally reconnect Ihe generator and 
set the output tevel to minimum with 
all attenuation The baseline of the 
analyzer display should be dean and 
free of noise and spurious responses 
from 0 lo 20 kHz. 

The htgh -frequency spectrum analyzer 
should be calibrated using the inslruc- 
lions in the operating manual. In the high 
rf environment around ihe fm iransmit- 




Fig. 12. Checking Harmonic Distorticn of 
Andie Generator 




Fig. 13. Checking Frequency Response ol 
Watching Transformer 

ten Ihe analyzer should be checked with 
the input lermirrated !o verify thal spun- 
ous responses are not occurring within 
the analyzer. Grounding o( the main- 
frame rnay be necessary to insure thal 
spurious free measurements can be 
made. 

The Test Setup 

Te&t points for the performance mea- 
suremenls should be located in the sta- 
tion as shown in figure U. The 5LAH 
audio frsquoncy Spectrum Analyzer 
should be connected to the outpul of the 
modulation monitor (te$t point '®)). The 
microphone input in the main conlrol 
room should also be accessible (lest 
poini ?■'), The test equipment should be 
well grounded, and shielded cable 
should be used forall conneciions^ Hit is 
not possible to locale the generator and 
analyzer in the same room [such as 
whon an stl is used) ihon locate Ihe 
generator in the conifol room and place 
the modulaiion monitor al the iransmitter 
silo 3 for>g with Ihe audto frequency spec- 
irum analyzer. 

Signal processing AGC circuEis should 
be defeated, although every attempt 



surements with aN equipment left in the 
processing chain. Most AGC-type pro- 
cessors have buili In defeat switches 
that lurn 'off' the gain co-ntrot loop with- 
out disturbing the signal paih. While 
patching around processing units is not 
prohibited, it would be considered illegal 
lo intentionally patch around any device 
that alters the frequency response {i.e. 
equalizers). This applies only lo fre- 
quency altering devices normally used 
between the board output and the 
transmitters. 

Legal Requirements 

FCC rules (1^73.93) require that the proof 
be performed by the holder of a first 
class license. Descriptions of the 
equipment used, equipment connec- 
tions and an equipment list is also re- 
quired. All pertinent data such as 
equipment serial numbers, time of tests, 
persons who assisted, accuracy capabil- 
ity of the test equipment, equipment re- 
moved Of disabled, equipment connec- 
trorts^and personal recommendations or 
OibservatEons must be incorporated into 
the final proof. 

B. Frequency Response 

Frequency response is a measure of the 
ability of the transmitting chain to pass 
frequencies required for faithful audio 
reproduction. The tm transmitting sys- 
tem uses a pre-amphasis network in iho 
transmittinig chain and a de-emphasis 
network In Ihe receiver. 75 of pre- 
emphasis is commonly used except in 
Dolby stations. The transmitting system 
must have a frequency response that 
conforms as closely as possible to the 
pre-emphasis curve {figure 15} with a 
tolerance of no more than 3 dS below ihe 




Fig. 14, Typical Fm Slalton Block Diagram Showing Test Points for Pedormance Teals 
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Fig. IS- SJandard 75 Pf^^emphasis Curve 




FSg. 16, 100% Modulalion lndi(?ation on Rf 
SpecJrtinn Aaaryier 

Many possibifities exist for measuiiog 
the transmitter chain frequency re* 
sponse. The best indication can be ob^ 
tained using the station modulaEion 
monitor to indicate 100% modulation, 
and supj^ying audio through a step at- 
tenuator. If the calibration of the monitor 



is in doubt, then a high-frequency spec- 
frum analyzer can be substituted for use 
as a modulation indioator. 

Assummg the station modulation 
monitor can be trusted, the response of 
the transmitter and individual stereo and 
SGA channels can be rapidly checked 
with an audio spectrum analyzer. The 
audio spectrum analyzer is especially 
useful (or response tests on a regular 
basis $in(^ the response can be verified 
in a matter of minutes. This permits 
monthly or even weekly tests if desired. 

In addition to response tests,, the specif- 
IcatEon for spurious responses and the 
action of the audio fowpass filters (gen- 
erally 17 kl-lz) can be checked. 

Measurements at Rf, 

A high-frequency spectrum analyzer is 



used as an indicator of modulation for 
25, 50, and 100% modulation, and again 
set attenuator is used to accurately 
measure the deviations Trom the pre- 
ernphasis curve. 

1. Carefully calibrate the spectrum 
analyzer. Additionally, the frequency 
span should be chadded with a 20 kHz 
square wave audio tone to verify the 
cal i brail on of the narrower spans 
used tor this lest. 

2. Modulate the transmitter through a 
600 ohm attenuator with a 1000 Hz 
tone until the spectrum analyzer indi- 
cates a deviation of T50 kHz (±75 
kHz) as shown in figure 16. This is 
100% mcxfulation for a monaural fm 
station. 

3. The 1000 Hz point Is zero referertce 
on the step attenuator. Set the tone to 
50 Hz and use the step attenuator to 
reset the modulation to 150kHz devia- 
tion. iNote the attenuator difference in 
dB from the zero reference point. 

4. Continue the test for frequencies of 
100. 400, 1000, 5000, 10,000, and 
15,000 Hz. The results can be plotted 
on a diagram of the pre-emphasis 
curve (figure 15}. Deviations from the 
75 >jts pre-emphasis curve indicate 
frequency response variations. 

5. Repeat the tests for 25% modulation, 
by driving the fransmrtler with a refer- 
ence tone until the spectrum analyzer 
indicates a deviation of 37.5 kHz. 

6 . Repeat the tesi for 50% modulatiDn 
(75 kHz indication on the spectrum 
analyzer). 

stereo Stations 

1. Proceed as above except that 100% 
modulation of each stereo channel is 
467e of the total modulation envelope. 
This will be indicated on the spectrum 
analyzer hy a deviation of 67.5 kHz 
when either the left or righi channel is 
driven with a singfe audio tone. Each 
stereo channel should match Ihe 75 
JUS pre-emphasis curve. 

2. Repeat the test on each stereo chan- 
nel for levels of 25% modulation (16.9 
kHz) and for 50% modulation (33.75 
kHz), 

Stereo Stations with SCA 

Use the procedure oullmed for monaural 
stations except that the channels should 
be driven with audio tones with 100% 




Fig. 17^ Typical Response □( Fm Station 
Checked through Oe-emptiasis Circuit ia 
Modulethon Monilor 




Fig, i&. Pre-emphasis Response from 
Composile Output on Modulaiion Monitor 

modulaiion being 40% of the total en- 
velope. The spectrum analyzer should 
indicate 60 NHz dSivtation for 100%^ 15 
kHz tor 25% and 30 kHz for 50%. 

Procedure for Frequency Response 
Mensuremerits at Audio 

A low-frequency speclrum analyzer can 
be used to quickly verify the frequency 
resporrse of the transmitter through the 
modulation monitor. This is nol a proof- 
of-performance test since the modula- 
tion changes with frequency due to the 
pre-emphasis curve. 

Note: A sifTiple de-emphasis network 
can be built for use with any 600 ohm 
source. This filter will permit audio swept 
measurements of the transmitter while 
maintaining 100% modyjation. If the 
network is used figure 10} it is recom- 
mended that the response of the net- 
work be carefully checked after con- 
struction to verify that the response is 
complementary to the standard pre- 
emphasis Curve, 



1. Using the 5L4W Spectrum Analyzer, 
connect the fracking generator output 
to the audio console. Using MANUAL, 
set the frequency to 400 Hz. Set the 
level, as indicated on the modulation 
moniitor, to 1? dB below 100% modula- 
tion. This setup is necessary lo insure 
that I he transmitter Is not overmodu- 
tated as higher audio Iregusncies are 




Fig. 19. Pre’emphasis Rfasponae InlOdB.^div 

MDdo 

passed through the transmitter. 

2. Connect the spectrum analyzer lo Ihe 
audio output of the modulation 
monitor and sweep the analyzer from 
20 Hz to 20 kHz. In the normal (do- 
emphasized) output the response 
should bo flat, as shown in figure 17. 

3. Swilch Ihe monitor lo Ihe composite 
output and sweep the transmitter. The 
pre-emphasis curve of the transmitter 
will be displayed as in figure 13. 

4. Sweep the stereo generator- 
transmitter combination from 0 to 50 
kHz in 10 dB/div mode. Check for lew 
level re-er^try points and the 19 kHz 
intersect pomt (Figure W). 

Stereo Response at Audio 

1. Inircduce a 400 Hz audio signal from 
the Lraoking generator output of Ihe 
5L4N to the left channel inpul 17 dB 
befow 100% modulation of the lelt 
channel, as indicated on the modula- 
lion monitor Sweep the specirum 
analyzer. A flat display should result 
from 50 to 15,000 Hz. RoH-off above 



15 kHz should be noted due to the 17 
kHz Eowpaee friters {agure 18). 

2. Repeal the lest for Ihe right channel. 

SCA Response (Not required for proof) 

1 - Connect (he tracking generator output 
of the 5L4N to the SCA input on the 
transmitter exciter and moduFate the 
channel to iOO%, as indicated on the 
rntxiulation monitor. Sweep the chan- 
nel with the $peotrum analyzer. Most 
SCA's operating at 07 kHz have a re- 
sponse up to 5 kHz, at which point 
they roll off. 

2. Other channels, such as telemetry 




Fig, 20 . Checking Audio Rasponse Us^ng 
Slow Sweep and Slorage 




Fig. 21. Typical Harmonic Distortion 
Measuremenl 



^annels, can be checked in a similar 
manner using the tracking generator 
in the spectrum analy;zor. 

Note: if it i$ nof practical io operate the 
spectrum analyzeritrackifjg generator 
ir} a iocaiton where there is access fo 
both ends of the irensmittirfg chain, an 
audio gooerelor car? jbe substituted fof 
the treckirjg ger\eratcr. Use the SL4N if} 
e storage mainframe and move 

the audio generator from the tow fre- 
quency timit to fhe high fimit A display 
simitar fc that shown in figure 20 wili £fa 
Ohteir^ed, 
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Fig. 23, dB to Percent of Distortion Convarsion chart 



C. Harmonic Distortion 

Harmonic Di$iortion or combined audio 
harmonics 73.317 (a, 2)] the arith- 
m&tic sum of the ampliludes of aN the 
separate harmonic distortion compo- 
nenls. This is the most common distor- 
tion test p0i-formed on transmitters, arxl 
is measured by passing a pure sine- 
wave tone (ai 1000 Hz for examp ie) 
through a transmitter and measuring the 
sum otali the comporkents [2000, 3000, 
4000 Hz etc.i 
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Fig. 22. Ghan 10 Sum; HarfTiDnics 



The iow-frequency spectrum anaiyzer 
presents a graphic dispiay for analysis of 
the harmonics of an audio signal. This 
technique also makes it possrbie to dif- 
ferentiate between harmonics, and 
noise and hum thal might also be on the 
transmitted signai. in the case of fm 
stereo installations, olher ffequsr>cy 
components besides harmonics can 
occur due to an incorrectiy adjusted 
stereo generator, and these can be read- 
ily identified So that Ihe problems can be 
solved. 

The 5L4N audio Spectrum Analyzer in 
combinatton with a good audio 
generator (such as the SG 502) can 
make 70 dB (0-034%) harmonic distor- 
tion measurements- 



Proeedure for Harmonli; Distortion 

Maas LJ Foment at Audio 

1. Connect an audio generator (such as 
the SG 5021 to the microphone input, 
of the transmitter (lest point®). Set 
Ihe generator Eo 1000 Hz and set the 
microphone fader to mid-range. In- 
crease the generator output until 
100% modulation is indicated on the 
modufation monitor. 

2. Conr^ect the low-frequency spectrum 
anafyzer to the monrtor output 
Set the analyze r controls to 10 dB^div, 

1 kHZ'div, and select a center fre- 
quency of 5 kHz. A display of the 1 kHz 
tone should be observed on the sec- 
ond graticule line from the left edge of 
the screen. 
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Fig. 24, Use this Ctiart to Record Results of Harmonic Distortion Tests 
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3. Hai'mojiic distortion i& maasurad by 
r><>tir>g the difference in amplitude be- 
tween the fundamental tone (l kHz in 
this case) and she siim of the har- 
monics (secor>d, third, lourthr etc.}. 

4. The sum of the harmonics can be eas- 
ily added using ihe chart in figure 22 r 
Harmonics that are more than 10 dB 
down from the other harmonics con- 
tribute irtfle relative power and do not 
normatly have to be computed. 

5. The difference between the funda- 
mental and the harmonics is mea- 
sured in dB as shown in ttgurs 21. 
These numbers may be converted to 
percentage of distortion using ihe 
chart in figure 23. Record the resuits 
in a chart iike the one shown in figure 
24. 

6. Continue harmonic distortion meas- 
ufements for ihe fundamental fre- 
quencies 50, TOO. 400. 1000,, 5CMX1. 
10,000, and 15,000 Hz at 100% mod- 
ulalion as indicated on the modulation 
monitor. Harmonics shoufd be mea- 
sured 10 30 kHz, 

7. Harmonic distorlion measurements 
must also be made on the fundamen- 
tal fTequencies of 50. 100, 400. 1000. 
and SOOO Hz at 25 and 50% 
Jticxfulation. 




Fig. 25, Amplitude ^^rialions of the Fm 
Envelope Causfftg Am No^se 



Harmonic Distortion MeaeMr^ments 
on Fm Stereo Stations 

1 . Use the same procedure as above ex- 
cepl that the tett and right channels 
should be done separately and meas- 
urements should be made using 
either or 45% modulation as the 
100% reference point, depending 
upon Ihe station conFsguration (stereo 
or SCA). 

D. Am Noise 

Am noise oocurs in two ways in art fm 
transmitter, it can occur in the lower level 
Stages, appearing around the unmod- 



Flg, 26. Residual Am Noise Measuremem 

ulated carrier much as it wouid occur in 
an am transmitter. It can also appoar as 
an effect of improper transmitter tuning, 
ir the 150 kHz bandpass of the transmit- 
ter is not virtuatly flat, then deviatio n wilt 
also impart amplitude variations on the 
carrier figure 25}. 

Am noise can generally be measured 
using the built-in test on the station 
modulation monitor. However, for trou- 
bleshooting or where more insight into a 
problem is desired. Ihe high-frequency 
specirum analyzer can be a greai hetp. 
A procedure for accurate tuning of ihe 
final stages of the transmitter for best 
am noise is shown below. In addition, 
another lechntque for sweeping the tm 
transmitter with a low frequency audio 
signal is demonstrated. 

Messy ring Am Noise 

1. Check the resfduai am noise with a 
hEghrtreguency spectrum analyzer 
such as the 7L12 or 7L13. Tune to the 
unmodulated carrier using 10 da-'div 
and 3 kHz RESOLUTION, Using ihe 
300 Hz VIDEO FILTER, note ar>y 
humps in the noise floor around the 
carrier, indicating noisy low level 
stages in Ihe transmitter as shown in 
figure 25. 

2. Check for modulatfon noise by feed- 
ing the transmitter 50 or 60 Hz at 
100% modulation. Use the ZERO 
SPAN mode and 300 kHz 
RESOLUTION. Note any modulatton 
components on the carrier lips as 
shown in figure 27. 

3. To minimize amplitude modutalion 
components, tune the transmitter and 
any transmissEon line traps to produce 
a completely flat dfsplay across the 
150 kHz bandpass of the transmitter. 



Swoeplrig the Fm Transmitter 

(To Opilm^ze Tuning and Am 

Noise Performance) 

1. Connect an audio oscillator to the 
input of the transmitter. In stereo in- 
stallations. connect both channels in 
phase Swilch off the stereo 
monaural mode. 

2. Connect an rf specirum analyser to 
an rf test point in the transmission 
line. Select a moderate sweep speed, 
20 kH 2 .'div„ and storage mc?de ff avai I- 
able^ 

3. Modulate the Transmitter with a 30 Hz 
lone and modulate in excess of 103%. 
NOTE: This te$i wifi swtrfg fhe frans- 
mitter in excess of its standard devia- 
tion and could cause irtterference to 
adjacent fm channeis. Appropnafe 
precautions as to time and duration 
shoufd be oOsarvad. 

4. A display of the iransmirter bandpass 
will be obtained on the spectrum 
analyzer {ffgure 28). The tunfng 
should be ffat across Ihe normal 150 
kHz bandwidth of the transmitter for 
optimum stereo and am noise per- 
formance. Adjustments should be 
made to insure fiat response. 




Fig. 28. Setl-S weeping an Fm Tiansmiller 
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Fig. 2S. ¥m Noise Measufement 



E. Fm Noise 

Fm notse is a measure of the amount of 
residual fm remaining when all moduJa- 
tbn is removed from the fran^miEter, Due 
to the pre-emphasis curve used with fm 
transmission, the noise when received 
(and subsequently de-emphasized) will 
have a greater low-frequency compo- 
nent than amplifrer-type white noise. 

1 Disconnect the iransmitter audio input 
or composite generator and terminate 
or short the input terminals. 

2. Connect a high-frequency spectrum 
analyzer to an appropriate rf testpomt 
on the transmission line. 

3- Set the spectrum analyzer to a narrow 
SPAfst and RESOLUTION and note 
any horizontal jitter. This jitter, if de- 
tected, can be related to the t00% 
moduialion limit of the Eransmitfer. For 
example, if 150 Hz of jitter were noted, 
and the 100% ttansmitter modulation 
limit is t5D kHz, then the percent of fm 
noise IS 1/1 00th or 40 dB dowr^. 

F. Separation 

Stereo separation fs a measure of how 
weil the left and right channels remain 
separated from each other throughout 
the broadcast chain, it is measured by 
loadmg one channel with an audio sig- 
nal, and measuring the amount of signal 
that 'bleeds' across into the olher 
Channel- 

Poor separation in the modern fm 
stereo facility can mosi ofien be traced 
lo the studio, and occurs because of 
leakage in the console or poor phone 
line separation. With in the transmitter 
stereo exciter, improper adjustment of 
the pilot phase of the transmitter {or the 
modulation monitor} ar>d ar^ improper 
gain relationship between the main and 
Ihe sub-channefs can afso cause sep- 
aration problems- 



Separation can be measured by using 
OEther a modulation monitor or an audio 
spactrum analyzer. The spectrum 
analyzer wiJl per mil separalion mea- 
surements directly readabJe in dS across 
the entire audio spectrum. For Ihe pur- 
pose of isolating a separation problem, it 
is recommended that ih& system be 
tested in iwo parts^ from the 
studio to Ihe input of the stereo gen- 
erator. and from the stereo generator to 
the moduialion monitor. 




Fig. 30. LeftWJnus Right (L-R) Signal Used to 
Check Pilot Phase 




CAUTION^ Before attempting to 
measure eifher separation or cross- 
talk, the pilot phase and amplitude 
must be correct. In addition, the 
main and sub-channel ampIMudes 
must be equal. 

Note: Osciifoscope probe compensa- 
tion $houi<f be checked before attempt- 
ing to set pitot phase ar^d ampfftode. 

To set the pilot gain and phasOr the in- 
puts to the stereo generator should be 
connected in paralfsl, but out of phase. A 
tone of 50 Hz should be used. This is the 
classic L Equals WIinus R signal and will 
produce a pattern on an oscilloscope 
connected to the composite outpui as 
shown on figure 3Q. lithe pilot phase is 
misadjusled it wiN appear as in figure 3f 
and should be readjusted uniii the pai- 




Fig. 32. Left Channel Only: Used io Balance 
Main and Sub-channels 




Fig. 33. Sain Batwaan Mam and 
Suhxhanrifll is Wrang 

torn Is symmetrical. The pilot gain wiiJ 
interact with Ihe phase conIroJ, and both 
should he adjusted untii proper phase 
and a gain of 8 lo 10% moduFation is 
achieved- 

Once the stereo generator has been ad- 
justed, ft r$ a good fdea to check the pilot 
phase on the modulation monitor. Move 
the oscilloscope to the composFte output 
of the moduFation monitor and adjusi the 
rnonitor phase controls for an identical 
pattern lothe one obtained on the stereo 
generator composFte oulput. 

Now connect a 400 Hz tone lo Ihe left 
channel only of the stereo generator. A 
pattern $uch as the one shown in figure 
32 IS desired. It gam differences exist, 
then a pattern like the one shown in fig- 
ure 32 will be noied. The gain control for 
the right channel should be adjusted 
until the baseline is flat. 

Measurement of Separation with the 
Spectrum Analyser 

1. Assuming the transmitter has been 
set up correctly with regard to phase 
and gain, insert the tracking generator 
output into the Felt channel of the 
stereo generator. 
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Fig. -34. Separation l^itasuremeni. Mota Dial 
Separation is Poor ai Higher FraquoricLes 



2. TemporarMy conned the low- 
frequency spectrum analyzer (SL4N) 
to the leff channel output o^ the mod" 
ulation monstor. 

3. In MANUAL mode, set the speclrurn 
analyser to appro^^imately 400 Hz and 
set the tone 17 dB hetow 100% mod- 
ulation as Indicated on the modulation 
monilor. 

4. Sweep the analyzer from 0 to 20 kHz 
and note the pattofn. It should be flat 
as shown in figtjre 34. 

5- Change the analyzer input to ihe right 
and repeat lha sweep. The difference 
between the lines in steps 4 and 5 is 
the separation. A dual trace display 
such as the one shown in figure 34 
can be made with a storage s^pe if 
desired- 



G. Crosstal k 

Crosstalk occurs when the stereo sub- 
channel (23-53 kHz) modulales Ihe 
mam channel (0-i5 kHz), or the mam 
channel modulates Ihe sub-channeL 
Iniermodulation and other nonrinearmes 
within Ihe exciter, iransmitter, and an- 
tenna sysiem can cause true crosstalk. 
Crosstalk can also occur due to iha 
music source. Ihe console, phone lines 
Of sti and amplEfiers. Anything that de- 
lays or alters the gain and phase char- 
acteristics between the lefi and right 
channel will cause crosstalk. Two 
mechanisms generaNy divide crosstalk 
into system and kansmitter crosstalk. 

Since the modern fm stereo system 
uses a sum and difference type signal 
any diflerences in gain or phase in any 
portion of the audio chain will cause 
systern crossralk. The true performance 
or the stereo system is measured by 
totally exciting either the main or sub- 
channel and measuring ihe other non- 



excited channel. It any phase Or gain 
inequalities do exist, then system 
crosstalk will occur as a small portion of 
the non-desired channel in ihe matrix. 

Transmitter crosstalk occurs when dean 
signals excite the moduEaior causing 
spunous responses in the main chennal 
due to signals in the sub-channel (or vice 
versa). The most noticeable form of 
iransmitier crosstalk occurs from the 
SC A to the main or sub-channels due to 
modulation non4ineahlies. 

Typical tests performed with a moduFa- 
lion monitor cannot different ale be- 
tween Ihe two cases of crosstalk. The 
tow- frequency spectrum analyzer can 
be used to measure the individual 
COnkibuNons- 

Te sling Crosstalk with the 
Low-frequency Specirum Analyzer 

1. Use an audio oscillator such as the 
SG 502 to excite both the left and right 
channels in phase. Connect the oscil- 
lator Ihrough a 75 m-s de-emphasis liF- 




Fig. Main- to Sub-thanneE CrosstaFk Test 
Shows Setier than 30 d0 of isolalion 



ter. Begin with a 400 Hz lone and set 
both vu's on (he console for exactly 
100% (0 vu). 

2. Place Ihe spectrum analyzer at the 
composite output of the slereo 
generator and look at a full span dis- 
play (0 to 100 kHz), 

3. SFowly move Ihe audfo oscsFlator fre- 
quency frfflTi 50 Hz 10 15 kHz amd note 
the display II should appear as in 
figure 35, The audio tone shouEd ap- 
pear in the main channel position from 
0 to 15 kHz. Any signal noted in ihe 23 
to 53 kHz region Es crosstaFk. Prob- 
lems wFlh phase differences vs. fre- 
quency across the audio spectrum 
will cause one or more random peaks 
end valleys as shown in figure 35. 




rig, 30, Sub- tD M&in-channei Crosslaik 
MEasuremenl- Phase Problem Causes 
Erratic Response irt Mam Channel 




Fig, 37. SC A Crosstalk Tesi Using 4.5 kHz 
tone and 5 kHz Dev^lion 

4. A 0 dB difference normally exists be- 
tween the main end sub-channeEs. To 
measure crosstalk from main lo sub- 
chennes; note the difference in dS be- 
tween Ihe frequency components and 
subtract 6 dB. To measure sub- to 
main channel crosstalk: note Ihe dik 
ference in dB and add S dB. 

5- Move the spectrum analyzer lo the 
composite output ol the modulalion 
monitor and repeat the lest. If kans- 
mitier nonlineahlies are a prehJem, 
spurious components such as har- 
monics of audio frequencies, sum and 
difference beats, etc. will appear in 
the display. 

S- Repeal the test for the sub-to-main 
channel crosstalk by using the same 
test signal with one channel out of 
phase with the other. 

&CA Crosstalk 

FCC rules have recently changed con- 
cerning the SCA carriers. The new rule 
states lhat an*y frequency deviation and 
moduialing frequency can be used pro- 
vided that interference in the 0 to 53 kHz 
portion of the composite signal Is greater 
than 60 dB down from lOD^-b modulation. 
By calculations using the Bessel null 
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Fig. 5S. Subcarrier S^jppre^on se 
Reierenced (0 lOO^’« iVtodulation. It Can 
Also Be C<?mpare<l to kHz Pjloi 



functions . a deviation of S kHz and a 
moduSalion frequency less than 4.5 kH^ 
is the mosi practical combination that 
will protect the spectrum befow 53 kHz. 

To check the SCA, moduiaiethe channel 
with 4.5 kHz using 5 kHz of deviation. 
The results should be similar lo figure 
37. Note lhal the pilot carrier 1$ 20 dS 
down {10% modulation) from 100% 
modulation. The products produced 
from the SCA should be 40 d& below the 
pjlot level in the 0 to 53 kHz region. 

H. Subcarrier Suppression 

FCG rules require that the subcarrier for 
the sub-channel {3S kHz) be suppreS' 
sed by 40 dB. This rs usually determined 
by the balance of the stereo modulator. 
The low-frequency spectrum analyzer 
can be used to look direclly at the sub- 
carrier and measure this parameter. 
Begin by checkrng the output of the 
stereo generator. The display should be 
Simitar to the one shown in figure 38. 
The bafence of the modulator can be 
adjusted for minimum ll it is not greater 
than 40 dB below 100% modulation ref- 
erence for the transmitter. To check the 
subcarrier suppression atihe composite 
output with a spectrum analyzer, the 
Stereo pitot can be used for a reference. 
If the pilot is set at 10%, then it is sup- 
pressed 20 dB. The 3S kHz sufacarrier 
shoufd be at least 20 dB below the pilot 
level as shown in the figure. 

Itl. Monitoring 
Requirements 

A, Frequency 

A frequency rrionitor is no longer re- 
quired by the FGG. Instead it is up lo the 
chief engineer to check the frequency of 



each source within the station once a 
mortth by some means ultimately trace- 
able to the National Bureau of Standards 
<N.B.S.) 

For an fm station, the carrier must be 
held within = 20m Hz (?;73.269) of the 
assigned carrier frequency, The stereo 
pilot must be held within :r2 Hz 
(^73 .297(b)) of 19 kHz, and the SCA 
Shoutd be within ^500 Hz (S 73.295(g)) 
of the frequeiicy used. A number of pro- 
cedures for these measurements exist 
depending upon the equipment avail- 
able. A frequency monitor might still be 
used and is certainly recommended for 
day- ro- day tests. Today however, the 
frequency ooumer rs almost universally 
accepted as the test instrument for 
monlhly calibration. The problem is to 
verify the accuracy of any device used 
against the N.B.S. reference. The fre- 
quency measuring equipment can be 
seni out to a caJsbrauon service, how- 
ever. most stations will prefer to use one 
of (he iollowing techniques. 

Direct Comparison M aa sura men i 
Technique 

This technique can be used on most fre- 
quency counters containing al or 5 MHz 
intern^ reference oscitlator A receiver 
or spectrum analyzer is used to monitor 
WWV. WWVe (60 kHz), WWVH or 
WWVL. A small portron of the frequency 
counter time base oscillalof signal is 
coupled into the receiver as shown in 
figure 39. After the slalion (usually 
WWV al 5r 10. Or 15 MHz) is carefully 
tuned in on the receiver, the frequency 
counter oscillaior or harmonics of the 
oscillator are zero beat against the tn- 
coming aignai. This lechnique is simple, 
although lls accuracy is based upon two 
factors. The ability to detect a zero beat 
on the communicabons reveiver may be 
limiied to ^20 Hz because of ihe lower 
audibilify limits. The spectrum analyzer, 
however, can be used in ZERO SPAN to 
make an oscilloscope display at abso- 
lute zero beat. Secondly when using a 
higher WWV frequency, such as 10 or 15 
MHz, it is difficult to obtain enough har- 
monic energy so zero beet. A diode 
across the counter fime base ouiput tesl 
point will cause rich harmonics if erifough 
drive cannot be obtained by other 
means. 



loscDpe to display the counter time base 
and compare rf to the N. B. S. siandard. It 
can be used to compare almost any 
standard time base to any of the N. B. S. 
services, even if the frequencies are dif- 
ferent. For example the 5, 10, or 15 MHz 
WWV transmission can be directly com- 
pared to a 1 MHz time base. 




Fig. 3&. Diagra^n Shewing How lo Calibrate a 
Frequency Gaunter with a Receiver 



Frst connecl ihe frequency counter Hme 
base oscillator to one Input on a dual 
iraee scope. The N.B.S. signal can be 
obtained from a specially built receiver, 
from a test point in the rf chain of some 
communications receivers, or from a 
transfer or crystal oscillator zero beat 
against WWV 




Fig. 40. Oscilloscope CompafisoTi of 5 MHz 
WWV Against 1 MHz Tame Base 



The oscilloscope time base should be 
triggered on ihe WWV standard. By 
using the VS-'div sweep speed, move- 
ment of the counter time base display 
across Ihe screen in more than one sec- 
ond is equivalent to IJ^IO ® accuracy 
(figure 40J. Adjust counter time base 
unlil 10"® accuracy is achieved. 

B. Modulation and OevEUtlon 
of the Carrier, Subcarrier and 
SCA 



Oscillosccpe Comparison ModuloUon measure merits are done 

This technique uses a dual trace oscil- with a modulation monilor. The moniior 
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Fig. 41. ModuFati&Jii Requirements (w Diiterent Station CcM>f.igu rations 



FS required to be in coritir^uous operation 
{§73.2S0j and is used dinectiy or indr- 
recHy lo set a\\ the other levels within the 
station. The FCC requirements are quite 
rigid for type approval of a modulation 
monitor, but with age, moniEore eventu- 
atly drift and require calibration. 

The fm station must not exceed r 75 
kH 2 total deviation whether it Is 
monaurat or stereo (^73.£6S). When 
stereo is transmitted other standards 
also apply, however, the total deviation 
must still be - 75 NHz. The stereo pilot 
must be held within a to 10% of the total 
envelope (>73.3^2 (h). ). The SC A with- 
out stereo must riot exceed 30*/b. With 
stereo, it must be iiimiied to 10%. For a 
stereo station without an SC A, the pilot 
IS normally set at 10^* and each channel 
moduFates the transmitter 45%. With an 
SCA pJus stereo the pilot is fl to 
10%, each channeF is 40%, and the 
SCA is 10%. 

Wiih ail these diFfereni standards, it le 
necessary to calibrate the moduiation 
monitor at many different points to insure 
accuracy when measuring all the chan- 
nels and the pitot. 

The spectrum analyzer can be used in 
three ways to verify the calibraNon of the 
modulation monitor. One techniqu e uses 
the SPAM accuracy of the spectrum 
analyzer for quick checks while modula- 
tion is present. The other techniques use 
the mathematicaily exact BesseJ Null 
principle to produce an indisputabie 
caFIbration. 

The Bess#l Null Ter^hnique of Measuring 
hrfodiJiatiDn 

Fm modulation produces sideband fre- 
quency components, the amplitudes of 
which vary with modulaiion index and. 
modulating frequency The exact func- 
tions that occur are called the Bessel 
Null functions. 

The JVIoduiaiion Index is defined as the 
ratio of deviation of the carrier Eo riKHd* 
ulating frequency: 

Muduiaiion Index = 

Deviation of Carrier 
Highest Modulating Frequency 

At certain values of the Modulation In- 
dex, Ehe carrier amplitude drops to zero 
(null) and aN the energy is transmitted in 
iha sidebands. The chart in figure <2 
gives the modulation indices necessary 
to produce carrier nulls. By carefulty 
choosing a modulation frequency and 
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Fig. 42. Bessel Nuii Chart 



using the spectrum analyser as an indi- 
cator. any modulation percentage can 
be generated and checked on the mod- 
uFation monitor. 

Procedure for Bessel Null Modulation 
Monitor Oallbratron 

1. Connect the rf spectrum analyzer 
(such a$ a 7L12 or 7Li3) lo an rf tesE 
point in the output line of the transmit- 
ter and select a span of 20 kHz/div. 
Use the 10 dB./div, LOG mode= 

2- Connect an audio generator to the 
input of ihe transmitter and bridge a 
frequency counter across the audio 
line. Frequency accuracy of Ehe audio 
source determines the accuracy of 
the Bessel Null lechnique. 

3. To check for 100% modulation caJibra- 
tion of the total fm signal, the op- 
timum audio frequency must be 
seFected- For the tir$t null the fre- 
quency would be: 

, Peak Deviation 7si^Hz 

T = 

Modulation Index 2.4045 

The frequency would be 31.188 kHz. 
Since Ihis is oul of the audio passband 



of the iransmittec we will chock She 
2nd null: 

75 kHz 
5.5201 

The irequerhcy of the 2nd null would 
be 13.586 kHz. This rs a good fre- 
quency that the transmitter wiii pass. 




Fig, 43. Indication ol she Second Nuil Using a 

SpecErum Analyzer 

4. Use the frequency counter to set the 
audio generator frequency at exactly 
13.586 kHz. Begin with the output 
amplitude set at zero and slowly in- 
crease the output level while watching 
the display on the spectrum analyzer 
screen. As the audio level is in- 
creased. the carrief wilF null. Coniinue 
increasing the audio output unlll a 
second null is reached. The second 
nuFI indicates exactly 100% modula- 
tion of the transmitter which the mod- 
ulation monitor should indicate at thi$ 
point. Continue 8es$el Null tests at 
other percentages ol modulation to 
verify the lower ranges on the modula- 
tion monitor and to check the stereo 
piiot and SCA ranges on the monitor. 
figure 44 shows the optimum Tre- 
quencies and nulls For all standard fm 
percentages. 
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FSg. 44. OpliiTium Nfull FrequerM^iea for Fm Stations 



Using the Calibrated Span to Measure 
Modulation 

The calibration span of tho spectrum 
analyzer can ba used to measure devia- 
lion ol the frm carrier eilher with tones or 
with actual voice or music m adulation. 
Accuracy depends upon the calibralion 




Fig. 45. Fm Stereo SSatson “Signature' 



of the spectrum analyzer. The modern 
analyzer is quite accurate in this area 
once The operalor becomes familiar with 
a few set-up procedures. By tesHng with 
actual music and voice audio, ihe spec- 
trum display will quickly show a spurious 
out-of-band signal that someiimes oc- 
curs during complex modulalion. 

Procedure for ^^rllyhng ModuLatiqn 
Monitor Accuracy 

1 . Calibrate the horizontal span of the 
spectrum analyzer using the proce- 
dure in the owner's manuat. 

2. Connect the spectrum analyzer to an 
id test potnt in the output tine of the 
transmitter and select a span of 20 
kHz-div and a vertical display of 10 
dB.i'dfv. 

3. With normaJ station audio the display 
lor a stereo station wilt appear as In 
frgure 45. On the average it wilt oc- 
cupy an area mTS kHz around the 
carrier LESS the resolution band- 
width chosen. 

4. Using single audio tones, the display 
can be expanded to show only half of 
the analyzer filter shape (figure 45}. 




Fig. 46. Fm OavialiDn Measurement Usmg 
the Calibrated Span 



With modulalion applied, the horizon- 
tal width occupied by the modutation 
is the deviation diraotty displayed on 
the screen. At! percentages of mod- 
ulaTion can be checked in this manner 

Sideband Measurements 
Pilot and S C A Modulation 

Tha pilot and SGA carriers must be set 
accurately to remain within compijance 
with FCC ruJes, Using a principle de vet- 
oped by Bessel, we can calculate the 
ratio between ihe fm carrier and the 
Sideband produced by the 19 and 67 kHz 
carriers. The modulation index is low for 
these signals, hence they can be con- 
sidered narrowband 1m and will look 
similar to am on the rt spectrum 
analyzer. 

For stereo stations, the pilot carrier will 
be set at 10% If the 19 kHz sideband is 




Fig. 47. Pile! and SGA Measurement Using 
Ihe Bessel Null Method 

13.76 dB below the carrier. If an SC A is 
used with storao, the SCA will be down 



25.01 db at 10% modulation and the 
stereo pilot will be down 14.10 dB. This is 
demonstrated in figure 47. 

For a monaural station, 30% modulation 
of the SC A is permitted. The 67 kHz 
sideband will be 15.35 dB betow the 
carrier. 

Antenna Patte^'n 

The pattern or coverage area of an fm 
station is carefully checked when it be- 
gins servico^ As the years go by mea- 
surements mu$E be made to determine if 
[he performance of the antenna is 
changing. By using a high-frequency 
spectrum analyzer and a dipole antenna 
that you can construe! wiih readily evaii- 
able materials, patterns can be verified 
withouE an expensive field strength 
measurement While the accuracy is 
quite high and repeatabte, we do ncft 
recommend these tests as absolute 
measurements for Jicensing unless 
other calibration steps are also taken. 

Procedure for Pattern and Field Strength 
Measurements 

A dipole antenna can be consirucied 
wiih standard 300 ohm twin lead [Hal 
line) cut to the length shown in figure 48. 
The 300 to 75 ohm balun is available 
through most CATV supply houses. For 
maKimum sensitivity, e preampliMer 
should be used. The TEKTRONIX 7K11 
or AM 51 1 are both availabte and match 
the 75 ohm antenna impedance. To in- 
sure maximum accuracy and minimize 
reflections, it is recommended that a 10 
dS pad be used between the dipole an- 
tenna and the ampiifier input. 

To measure field strengths with the 
7L12^7K11 or similar combinatijon, take 
spectrum analyzer readings in the field, 
orienting the dipale for maximum output. 
Measure the carrier power in dBmV, add 
an antenna correction factor of 3 dB for 
the homemade dipolOr add ihe to dB 
pad value if used, then convert to 
jitVi'meter using the chart in figure 49. 

D, Spurious Signals and 
Harmonics 

Spurious signals and harmonic meas- 
uremenie are necessary to insure that 
there are no emissions from a transmiit- 
ter lhat might potentially interfere with 
another radio service or channel. Spuri- 
ous signals can originate either wlEhin 
the iransmitfer, or at the antenna. The 
most logical place to test is at some dis- 
tance from th e transmission site since it 



15 





Fig. 4B. Dslails on ihe construclion cE 9 Tes4 Dtpole for Frm Stalions 
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Fig. SO. SumfTLstry of FCC Rules on Spurious Emissidns 



is more important to measure what is 
being radiated than what occurs in the 
I rans mission line. Begin testing lor 
Spurious signals with ihe test dipole one 
mife or more from the transmitteT. Then, 
if a problem is noted, the interfering sig- 
nal can be traced back through the 
transmitting chain and pinpointed. 

The FCC specifications for spurious sig- 
nals are summarized in figure 50. Mote 
that there are aclually three require- 
ments: in and out-of-band spurious, 
spurious due lo modulation, and har- 
monics of ihe carrier 

Procedure lor Measuring Spurious 
Signals 

1. Use Ihe spectrum analyzer end the 
fest dipole (constructed as shown in 
the preceding chapter) at some dis- 
tance from Ihe transmitter. With an 
unmodulated carrier, check for any 
spurious signals located dose to the 
carrier. If any are noted, momentarily 
remove the plate power from the 
transmitter and see if they remain. 

2- Test for out-of-band spurious signals 
by checking across the fm band while 
turning the plates of the transmitter 
'off' and ’on.' Any signals that occur 
only while the plates are 'on' should 
be suspect. 

3. Modulate the transmitter and check to 
see that the transmitted envelope 
confonms to Ihe Chari in figure 50. 
Some engineers like to use a storage 
display on the spectrum analyzer to 
perform this test. 

4. Check tor harmonics of the iransmit- 
ter by checking the predictable har- 
monic positions (2nd, 3rd, ete.) as 
shown in ^fgure 52- 

IV. Day-to-Day Maintenance 

While the yearly proof of performance 
and calibrations are important, Ihe day- 
to-day maintenance takes up most of a 
radio engineer’s time. The typical en- 
gineer always seems to have a bng list 
ol things to do and would often like to do 
more on a particular project or repair but 
just does not have lime. The spectrum 
analyzer has much Xo offer both in the 
area of new tests, and in the area of time 
saving techniques for checking-oul con- 
soles, cart maohinas, and other audro 
and processing equipment. The key is to 
use an audio spectrum analyzer such as 
the 5L4N which permits rapid frequency 
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Fig. Occupied Bandwidlh Test 




Fig. 52. Checkmg Harmonics of the Carrier 
nesponse, noise, and distortion checks. 

A. Console Checks 

This FS a lest prucedure that checks, the 
nesponseK dislortion, and noESe on each 
input and channal of an audio console. 
By using The switch and jumper cabte 
arrangement shown in figure 53, it Is 
possfble 10 lest each rnput quiia rapidly. 

1 . Connect the teft channel program 
line OUT on the consote through a 
maiohinp pad to the input of Ihe 
5L4N Spectrum Analyzer. 

2. Cor^neoi the switch harness {a1- 
iigetor clips are recommended) lo 
the first input t^ft channel) on the 
console and select a level that ctoes 
not overdrive Ihe console as indi- 
cated by Ihe console vu meter. 

3v Use Ihe SL4N Tracking Generator to 
sweep Ihe console from 20 Hz to 2Q 
kHz. 

4. Switch the SG 502 Audio Oscillator 
and drive the console toO vu using a 
1000 Hz tone. 

5- Check Ihe harmonic distortion using 
ihe technique and charts on page 9. 
Both the combinaiion of low audio 
oscillator output with the console pot 
set to ^4, and high oscillalor output 
with The console pot set lo v<, should 
indicate 0 vu. 



L fi| 



-i 



q 




RIGHT 

AUDIO 

OUTPUT 



LEFT 

AUDIO 

OUTPUT 



6. To check the low level harmonic dis- 
tortion, sot the console pol to 1^, and 
turn down the audio oscillator output 
until the vu meter on the corisole 
indicates -13 dBm. 

7. Switch off the audio oscillator and 
read the residual noise and hum for 
that channel of the console using the 
procedure on page 10 of this 
booklet. 

8. Continue response, harmonic distor- 
tion, and noise lests on all inputs ol 
the console. 

9. Switch the oscillator and the spec- 
trum analyzer to the right channel. 
Repeat response, distortion,, and 
noise tests on all right chaonelinputs 
on The console. 



distortion may be performed at this 
time. Other Tektronix application 
notes on audio and am radio meas- 
urements contain procedures for 
these additional tests. 




inniim 

Fig. 54. Measuring Console Separation 



B- Studio Transmitter Unkle^t 



10- To check the console separation, 
sweep Ihe left channel while the 
spectrum analyzer input is con- 
necied to Ihe right channel outpul A 
display such as shown in ftgisre 54 
may be obtained. The difference be- 
tween the normal response of the 
right channel and the leakage r^ 
sponse IS the separation and may be 
read directly in dB. Repeat the sep- 
aration test from the right lo the left 
channel. 

1 1 . Other console tests such as inter- 
modulation distortion and transient 



Many fm stations now employ an stf 
between the studio and the transmfttor. 
These are lk:ensed to operate in the 942 
to 951 .5 MHz bands (although the size of 
the band has now been cut so that no 
new licenses will be issued in the 942 to 
947 MHz band). 

A stereo station can send the audio as 
two separate channelSp or rl can send 
the composite envelope on one carrier. 
Because the sti uses frequency rnod- 
ulatron and the cbanneis allocated for 
all use are SQO kHz wide, Ihere is ample 
room for a quality transmission of ihe 
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signal In composite form to the transmit- 
ter site.. Many stahons prefer composite 
transmission since the stefeo generator 
can then be located ai ihe studio avoid- 
ing many prodlems affecting phase and 
separation. 

Few stations have any way of testing the 
sti other than to check the manufactur- 
er's recommended voltages and hope 
the transmitter hdds together. The high- 
frequency and audio frequency spec- 
trum analyzers can be used to check 
further to insure the utm.ost 
performance. 

Checking a Composite Si I 

Use the rf spectrurn analyzer to iook at 
Ihe earner. Using 20 kHz-div, the compo- 
site sti wiii look similar to an fm $ieroo 
slation. Check the deviation to verify that 
it is correct. The sti uses ihe same pre^ 
emphasis as the fm station so that all 
checks covered earlier in Ihis booklet 
can be used. 

The composite sti should be capable of 
passing a wideband signal. This can be 
verified by sweeping the transmitter with 
an oscillator fnom 0 !o 100 kHz. An audio 
spectrum analyzer with storage can be 
used al the receiver to obtain results 
such as those shown in figure 55. Re- 
sponse should be ffat over the compo- 
site sti since the pre-emphases occurs in 
the stereo generator. Other tests such as 
distortion and noise should also be 
checked. Dislortton checks including in- 
terrr>odulation tests are extremely impor- 
tant in maintaining good crosstalk and 
separation in Ihe composite sti. The 
output of the composite sti is fed b irecily 
to the f m exciter with no Further modifi- 
cations, so it is imperative Ehat the com- 
posite sti perform correctly 

Checking Single Channel Stl's 

If a staiion uses two separata eti's for 
the leh and: right channels then each 
channel is treated as a separate path. 
The iransmJtters are generally licensed 
within the same 500 kHz channeE. 
staggered around the middle of the 
channel. Each transmitter uses the 
same pre-emphasis as an fm transmit- 
ter. At the transmitting antenna, two 
transmitters will appear similar to figure 
$6. It is important lo "look at" both trans- 
mitters Simultaneously and verify that 
both have ahoui the same power and 
deviation as is indicated on ihe analyzer. 



At the receive site, generally both re- 
ceivers are fed from the same receive 
antenna. The specirum analyzer should 




Fig. 5S. Composite S-IJ Response 




Fig, 56. Dual Sti Transmitters 



be used on the receiver coax lo verify 
that hoi h carriers are received wiih equ^ 
strength. Problems althls point involve 
Ihe signal path. The transmit and receive 
dishes can be aligned using the spec- 
Efum analyzer as an indicator, if desired. 

Once Ihe path and If ansmitler perform- 
ance Is verified, the audio spectrum 
analyzer can be used lo verify the re- 
sponse and distortion of the etls. Use 
an audio oscillator with a slow sweep al 
Ihe transmitter input and the audio 
analyzer al Ihe receiver. By using slor- 
age and a slow audio sweep, the re- 
sponse ar>d p re -emphasis can be 
checked- Use Single audio tones to test 
Ihe harmonic distortion and remove ail 
input signals to check noise. Most sta- 
lions using two stt's use the pre- 
emphasized signal direcily bypassing 
Ihe pre-emphasis circuils in the stereo 
generator, ll is still important to verily the 
phase of each channel relative to the 
other for maximum separation. The 
phase can be checked with an oscillos- 
cope and the sepa ratcon between chan- 
nels can be checked by sweeping one 
sti, and using the low frequency 
analyzer on the other channel lo note 
any leakage. 



C. Intermoduiation Testing of 
Audio Equipment 

intermodulation testing is anolher 
method of checking the disEortion of an 
audio sysEem or transmLtter. Many audio 
authorities feel Ihal there js a much 
higher correlation between Jm tesl re- 
sults and listening tesls than with har- 
monic distortion. Since all broadcasters 
are in the music business, the im test 
is a vatu able addition to other forms of 
testing. 

The tow-frequency audio spectrum 
anatyzer can be used directly to mea- 
sure both harmonic and inlermodulaiion 
distortion. 

Fm Stereo Transmitters 

It IS critical that fm stereo systems and 
transmitters have good im performance 
since this is vital to a dean sound and 
contributes to the separation and 
crosstalk. 

The following procedures cover two 
methods of measuring inlermodulation, 
the SMPTE and the CCIF techniques. 
The exact tones and parameters are 
shown In figure 57. These tests can be 
performed on any portion of the audio 
chain. In addition, a specialized 
Sechnique is shown to verify ihe im dis- 
tortion of Ihe transmitter after the stereo 
generator. This last procedure is invalu- 
ahie when attempting to solve transmlF 
ter crosslaJk and separation pjobFems. 

Procedure for intenUDduiatioji 
□istertion Test^ 

T. Set up a two tone source connected to 
one Channel of the studio console 
using the equipment shown in figure 
58. 

2. Set the tone ratios. If the SMPTE 
method \s usedn Ihe 60 Hz tone should 
be 4 limes (12 dQ) greater than the 7 
kHz tone. If the CCiF technique is 
used, the two tones (6 and 7 kHz) 
should be equal in amplitude. 

3. The console level should be in- 
creased until 100% t45% for a stereo 
channeE) modulation is indicated on 
She modulation monitor. 

4. The SL4N should be connected to the 
moduialion monitor output and set for 
a span of 0 lo 20 kHz f2 kHZ'drvj. 

5. SMPTE dESlOrtion jg measured by not- 
ing the dB down of the 60 Hz ^de- 
bands around the 5 kHz lone as 
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Fig, S8. TwcHone Source for Insernnoduiatiori Tests 



shown in figure 59, Ihen converting lo 
pnencentage us^ng ihe chart in figure 
23. 

6. Inlermodulation distortion using the 
CCiF melhod is perforrned by noting 
the dB down of the genefateKf 1 kHz 
sidebands as shown in then 
converting to pencenlage. The single 
carder at 1 kHz is the 2nd order diNer- 
ence boat and the sidebands cen- 
tered around the 6 and 7 kHz tones 
are the 3rd order components. 

D, tntermodulati on Testing of the 
Transmitter/Generator 
Combination 

Some specialized tests have been de* 
vised to evaluate the inn performance of 
the fm transmitter and the stereo 
generator. The ability of the stereo 
generator to prodirce clean rnodufation 
components without intermodulation Is 
only one requirement. The bandpass of 
the transmitter and the linearity of the 
modulation oscillator both contribute to 
the Im performance. Typrcally rnost 
stereo systems will pass signals with in- 




Fig, 59, Measurement Using Ihe SMPTE 
Standard 




Fig, 60. Measurement Using the CCIF 
Standard 



lermodutation down al least 40 dB. A 
few companies now offer sysiems with 
intermods suppressed al least 60 dB. 

One of the simplest ways to evaluate 
irttermod performance is lo use three 
test combinations of a T kHz lone. The 7 
kHz modulates the trans-mitter Ihtough 
the stereo generator as afefir only, then a 
left pfus right and finally as a ieft minus 
right signal- A variation of this test is lo 
use a 60 Hz and 7 kHz tone in coml:Mna- 
tion, with the 60 Hz 12 dB greater than 
the 7 kHz. Many inlermod products will 
be formed that correspond to second 
and third order components. If linearity 
adjustments are provided in the modula- 
tion oscillator, adjustments will some- 
times improve the performance. Relun- 
ing the transmitter can also improve 
performance. ^ part of ihe intermod 
test, the components in the 67 kHz SC A 
area should be noted since they will de- 
termine the crosstalk performance. In 
some transmitters, inlermods should be 
measured out to 500 kHz since many 
transmitters will pass higher frequency 
intermods, causing the occupied 
bandwidth to be out of tolerance. 

Fjfgyres 6? through 64 show a typical 
transmitter inlermod test sepuenoe. 





Flg. SS, 7 kHz L Minus R Im Test 
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Fig. 63. 7 KHi L Ptu& RA \m Tes( 




Frg. 64 r Im TesI Irniicating Modulalicn 
Osciltator Non-linearity 

Crosstalk Measurements 

Using Program Materiel 

Crusslalk measurements with tones or 
sweeping signals provide numerical 
data as to the performance of e $Eereo 
system. In the end. however Ihe system 
will be used to pass music and voice 
programming. Therefore one of the most 
effective tests is lo use adual program 
material and store the results until a 
complete display ol ihe performance 
can be observed Ofteri uncorrelated 
products will be generated that a tone 
test does not uncover. 

Figure 65 is an example ol a program 
lest- The level of the ptlol carrier was 
reduced so lhat the action of ihe lowpass 
filters could be evaluated. Note that the 




Fig. 6S. Composite Output with Program 
Materpsl srvA Reduced Pilot Carrier 



67 kHz position is relatively clean end 
free from spurious oomponenis. Figure 
66 is an example of a program test on 
the SC A channel - Note that the products 
ana reduced eo dB below 53 kHz. 



F. Pilot Interference 



High quality stereo performance re- 
quires Lhat the pilot carrier be received 
without interference by the receiver, if 
the filtering or intermod performance of 
the transmitter is poor, then the pilot ire- 
quency may have interfering information 
present. 




Fig, 66. SCA Crosstalk Using Program 
Material 




Fig, 67. Sweep at Lew-pass Filter Shawiag 
Rejection at Pilot Fnequeocy 

Two tests ahoufd be performed. The 
lowpass filter {generally 17 kHz) should 
be carefully swept lo insure that audio Is 
suppressed at least 40 dS below tOCFl-a 
modulation at 19 kHz. Another valuable 
test is lo remove the pitot earner and 
check the 19 kHz position while program 
material modulates the transmitter Fig- 
ure ^5 is an example of good pilot carrier 
protection. 



G. Dolby Fm 

AppNcation of Ihe Ool by type B system to 
fm broadee sting Is becoming more 
common loday now that commercial re- 
ceivers contain circuits to use the noise 
reduction chafaoterislic of the transmis- 
sions. The total benefit of 9 dB of noise 
reduction can be obtained in a properly 
set up system. 

To use the Dolby system in an fm sta- 
tion, the normal pre-emphasis curve is 
changed to 26 jws. Then the Dolby B unit 
is added. More high-Trequency program 
content can be iransmiued without 
overmcdulatcng. In addition, the Oolby B 
unit boosts the high frequency content ol 
quieter passages. The net effect is that 
Ihe system is compatible with existing 
receivers, and recaivers with Dolby cir- 
cuits wilt have a better apparent noise 
performance. 

Verily ina Dolby Performance 

1 . The 25 pLS pre-emphasis circuit should 
be checked for proper response using 
response procedureson page 6ol this 
booklet- The graph in figure -69 should 
be used lor Ihe 25 jus plot. 

2. The tracking generator output of the 
audio spectrurn analyzer should be 
connected through a 600 ohm step 
attenuator to an input on the audio 
console. Bypass all limiters and mod- 
ulation processors 

3. Connect the audio spectrum analyzer 
to the modulation moniior ouEput- 
Sweep the transmitter at 100% mod- 
ulation. Repeat the sweep with 10 dB 
of attenuation inserted. Continue 
sweeping in 10 dB increments. A dis- 
play similar to figure 68 will indicate 
proper operation ol the Dolby B 
encoder. 




Fig. 66. Dolby B' EncodBr Characterislic 
Response 
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Fig. 69. 25 Prfremphasas Curve Us^ with Dalby Fm 
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H, Antenna, Filter and Feedline 



Components of the trartsmitEer system 
musE sometimes tie EesEed out of service 
to isolate problems or verily perform- 
ance. If a signal source such as a sweep, 
cw, or tracking generator (TR S02 or 
SW 503) is avaifable, the performance 
of most fillers, transmission lines, and 
couplers can be checked. The spectrum 
analyzer is used in the storage mode (or 
wilh a camera if storage is riot available) 
to check the response and insertion 
loss. Wilh the addition of a bridge, return 
loss (match), and tuning can also be 
checked on single port devices such as 
the transmitter ouEpul stage, or the an- 
tenna and feed line {figure 70}. Tho in- 
verse of the return loss display ol an 
antenna gives the tuning characteristic 
(figure 7 1}. 



CAUTION: Do not attempt to make 
measurement a on the feed-line either 
while the transmitter Is energized, or 
in the presence of high ambient field 
from other local transmitters since 
the induced voltages can cause 
damage to the measuring equip- 
ment. 




Fig. 70. Bridge Connectior^S toTesl VSwr 



Fig. 71. Tuning &1 an Fm Antenna, Note that 
the Antenna is Tuned tncornHclly with 
Minimum VSWR ApproxiTTiately 6 MHj 
Above Ca^ri^f 
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Additional measuremenis are described in these Tektronix publications: AM Broad' 
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